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ShearSheet: A Shear-force User Interface Using a
Sheet Attachable to Capacitive Touch Panels

Kazuyukt Fusital®  MEeNGTING HUANG!  KAZUKI TAKASHIMA!  TAICHT TSUCHIDA®
HIROYUKI MANABE? YOSHIFUMI KiTAMURA!

Received: April 7, 2020, Accepted: November 5, 2020

Abstract: We propose ShearSheet, a novel user interface that enables tangential (shear) force input on a
touchscreen using a transparent sheet attachable to existing touch panels such as smartphones and tablets.
This interface has a slidable acrylic sheet on a touch panel, and its displacement due to the slide can be
recognized as a touch input by a conductive material attached to a specific position of the sheet. It allows the
user to input both conventional touch input and shear force input (triggered by the physical movement of the
sheet) on the same touch panel without using external sensors. We designed single-touch and multi-touch
interactions using our interface and implemented several application examples. A s a result of an experiment
evaluating our interface through a scrolling task, scrolling with ShearSheet was able to complete the task
with equivalent speed to existing interfaces with fewer number of clutches and higher subjective preferences.
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Fig. 1 Overview of ShearSheet.
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Fig. 2 ShearSheet prototype with (a) a smartphone, (b) tablet
and (c) touch pad.
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Table 1 Algorithm for vertical scrolling with ShearSheet.

Set d as vertical displacement of conductive part (signed value)
if |d| < d,, then

e 0 e (a)
elseif |d| > dpin && |d]| < dpgy then

P @sd? e (b)
else

e axdi,,
Set basePos as position from which drag started
Set dragDisp as vertical drag displacement from basePos (signed value)
Set frameRate as screen refresh rate

scrollPos < basePos + dragDisp + r / frameRate
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Fig. 3 Thresholds of the conductive part’ s displacement.
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Fig. 4 Usage example in a drawing application.

B 5 C7RERoREs
Fig. 5 Usage example in video playback.
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Fig. 6 Usage example in map navigation.
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INA A ZEFE L TV BB FE oI 7 v IilT7 7+
AL 5B,
4.1.3 By FINy KTOH—VIVIEE

5y Fo8y NOANBETIE, 7282180 — Y VofiE
I & R EERIE 2 ST AT OA I L > T BER S v
I MHBIAE 2 5. Zid RubberEdge [3] & LT
LN, F oy Fo8y NOWEIZTTIE%RL, Y= M ETHNh
EEZTHYRADP WL V) HTRERS. £/2, YT
2Ny N (RIS =V VERE) 1E, —RRICATTEIC B 518
OB BEEE A LTBY, AT & Wi o i
MEP 131 THIDLTWDE Y v F /SRR T T Ly
MELIERL D, TN OISR AT & T AT
x, MPICLETV 2 XAF vy TUYYEZ L TFEIRESNT
V2% [16] 25, ShearSheet TOBIWFA N OFEIZL Y b
2P0 L (72 20X, SIWT A TR R AR AT,
WHEOY v FRIEHGATTIETS) TEBMRETH .

4.2 TIVFRYFALR2TT7 3>

K12, ShearSheet W< VF¥ v F A 08T 71
SNIDOWTHEZ L., BAZEE LT, Heo HIX 2 ARICL %
WWAIA 577 a BRI LTWw5 [12) 5, ¥vF
L2 - TI b DATH-7z. LT TIE, % D ShearSheet
M TeA vy T2 a YRR, TN AD—FIZ
EHEMZ S Z L TEHIFELR S DIZONTH RN,
4.2.1 BEZvF -HBWALOHHE

9, @WEOY v FANEHANEZHAT L2455
ryarTEEEZL. N, ERET TSRO
SIS A, SYWT A E T O fEB Ll 5 v T AT EH O FE
D255 L TEDHIZEBTRETH 5. BN 204
LT, AR= P 74 Y CTUATRER — AFRY 2 — T 1
74— (FPS) 7 — A Tld, fesk, Wi bicERsn
LY aAARTA v I EBEL T Y I/ 5 2 BEISEL 2
EDLNDS, —HFIEZ DY aAf AT 4 v OMEEBH
THERALGELEELZ2TNE 2w, 2 LR 7
WRTT 7)) r—3 3 »rTld, ZO#/E% ShearSheet |2
BB ATIICE &SR TWA, B, SUM AL O
ik, @EOY v F AT (HEABEHICELNS) (ZmH
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7 VAT v RER

Fig. 7 Usage example of a shear force gesture.

M 8 FPS 7 — A& TOBE
Fig. 8 Usage example in an FPS game.

K9 #—L—2A%—LTOEEH

Fig. 9 Usage example in a car racing game.

DAFEG THIITEDOWLPT CIETRECH B 720, 7L
AT — L WEICEPFTED LR L LHFENS.
4.2.2 BEOKASD

UTFTlE, 3ETHBRERIIYAF—LEBEMZ S
CETERTAA VT a IOV TERLSL. TT1
SOHIZ, EWY - MCEROEEHLEET S LT, &
DMLY — OB X ZIECE L EEZONS, L2
&, B 8 1R & ORI Y - SURERTIE D) 1A~ O BEkT )
X, EEIO 2 oOMEMEPSEHITREETH L. T,
72N — L — A — LDy FVEEOBEEIZ B W
THEW 22— RBRE2FEHT 2 (M 9). Hlofle LT,
WA b IErFAY - T ROEZLONSL, Th
&, ¥— FEEEMEE - ERTRRODICEAET LI LT
FEHWEETH A, LD, 72E 2 ITHERIEOE VT
R—=LEHEDA YT 7 a VPRI S, B 10(a) 1
BEMTAY—FEHWRY Y F 7T FEEORET-TH LD,
= IY Y FNRNDLEEND G S B 720, RS
DOEE TR LETH 5.

512, K 10(b) IZRT L9, HEMDO Y — 2@
BICHET S LT, 1208 v F 780V ETHEHEOTIR
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K10 YVFS v FArs T a sl (a) Bt edn)E
YFAT TR, (b)) BEOY— oL () € OFHE

Fig. 10 Examples of multi-touch interaction. (a) Shear-force
pinch interaction. (b) Individual shear interaction us-

ing two sheets and (c) its application example.

ANETHENTERTHL. ThEHVWLE, 72213
10 (c) DR T &I %, HHOTA Y KoyOArO— L%
WM 2507 7)) r—arvdEibhs, ¥ — Ok
KR A ZILEFHARETHLDOT, HEBIZELETY v F
AN O DOBGITIERERSEE T A VT AT
T&5.

5 d1—H%XX&7«

ShearSheet D FH M MR T 5720 DL—F X8 74
FEML7. COFEEBRTIE, §izETik7 ShearSheet 12
k240550 a  FlohTRIFIAEEDS WO
12 THLEFZZLND, AY— N7+ TOREEHIH A
JU—=)VDOINT =<V AFABIHES LTS, SR AT)
W&k B A7 a—vid, EEAAO 1RITLAZ T —)b &
HEAREHNZEPMEN TS [21] 2&06, REBRTIET
NERHL, EBI A7 % 1 RCAZO=VDY ¥ Tz
Y=y MERET 5.

5.1 ZM&E
SEIL12% (BM6 %4, Kik6 %, THFEE = 24.75
W%, SD = 1.54) T» 1Y), 4:H ShearSheet D IZWD T
THolz. K50 5MOFEE (FuidiH, ME, FR7 >
F— b, KEEED) # Tk, SECERIERFoRE
(SOl E AW/ TN oY AR

52 122773 FE

WS e$5THEE, 70y 2 22710 —)b (Flick)
L, Wi EICFIREND Y a A AT 4 v 7 (Virtual Joy-
stick 1 VJ) ®22& L, Wi d ShearSheet = %75 L T
WRWIRRETHH L TL 5 o7z, Flick 13k d —fmy % T
FBEELT, VIZHMET7 1+ — KNy 7 OFMIZE B HES
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AT HLOIRA Lz, &y FADBEETCIIMIC DAL
BAZT—=)A V8 T 2—ADEET HD, KREBROTH
i91% ShearSheet DEEAR /N T 5 —< v A% R4 5 2
ETHDBHID, INLD2F ol TIoLER -
DIFTiE, SFEICBT 5564 FEEICOWTORT.
5.2.1 ShearSheet

ShearSheet & fi\v:7- 2 7 0 — VERED 22 H)1E, 3.2.4 TH
TT TR EBYTHA.

5.2.2 Flick

BAE, Wb ML TVETETHSL. FIv 7
WX BNEGRIEE, 7V 7V 2 AFXICLLEEAS
O— VO[T & xmfEe Lz, HEA7a—
(&, 10S 12 OZFF & FFRIC % 5 & ) iR L 72,

5.2.3 Virtual Joystick (VJ)

RFHETIE, W EoFUAEZ 0.3 MU ESY v F§
LEEEBINT 2L, B 11(a) IRT L) RO LEDA
VU= REIREEDL (YT EHTEA TV =51
HZ25). 03BEVIKMOESIE, HoTREISES
CLEonvE/MEE LTTBENIC L Y vEs . 1>
V=5 OFRG, —WIZLANT Y FHEECE U7
FEHEOBIEE— R 2L, SRIZEb W, [ VI r—
FIZZOKRTy 7 (A7 a—VHE) WL TERL
(B0 11 (b)), A7 = VEEDHRE T 1 — KNy 7L LT
BReT 2 X927, BB, A7 0— VEEEICETA TV

T1) X 413 ShearSheet & (ZIFFFET, X (2) BT d %
KTy FOEMEIGAZEZIZLDTHY, 1 Ir—%
DES hyy (M 11(c) FZORK (2) D r DMEITHYET 5.
F 72, ShearSheet & [FFEIC, 1 ¥ V7 —#IEFIREEICIZ K
7 v 7\ X B lE OMERIEH A 70—V FI RS L7z,

5.3 EERIRIE

F2BRIE, Android 8.1.0 Z#5# ¥ % LG Nexus 5X z v
oo TAATVLAIE5.2 4 F CRMEE 1,080 x 1,920 ¥ 7
v, 423ppi TH o7z, FEBY 7 b = 7id Unity TH
FEEN, TUT T LIE CHTRRIR L7,

5.4 EERETEEZIY

FERIE, 3ENERSE (557 a Tk ¥—
7y NEEEE, ¥ —7 v PBEAD 12X B, TF AP FFaR
¥ NOWEIN Y =y M%f%&xa L7z B12(a) 12
¥ A7 O Z /R, FEHFGOHEE (A7) -~
%4Z®$n)#WEL~IE§MT%m§ﬂTBU,@
B 5 — 7y OB b HaeRT R (EFET
ME) PFRENS. 52HIIRLWT IO V¥ T2
Ya vy FEEHWTCRHOFRANA 78—V L, ¥—7
MR BFRODOTFRAMIEADT, TO¥ =7y Mi%x
FFHFEOHEBAICID L E YA Ve T ERD, ThE
1#ATE L, T2 T L2 2 BRRICIEABIICRORITA
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Scrolling  *T77TT Ty
ldirection
hy,
@5
Currently ‘|'
touched point d
ot
Initially
touched point

B 11 Virtual Joystick DZEH). (a) B LEEEICLD A D7 —
FHMBL, (b), () AZB—VHEIILETERT S

Fig. 11 Behavior of Virtual Joystick. (a) An indicator appears

when the user maintains touch and (b), (c) it deforms

with the scrolling rate.

\Target line

e
mpery plaything. Thou art So one of the court-ladies must run in;

od howeer she dtaw on waaden sigpars
first.

He then went back Lo his own little st
kingdom, and shut the door of his
palace in her face. Now she might well
sing,

“What will you take for the
kitchen-pot?” said the lady.

“I will have ten kis:

m the
Princess,” said me swineherd.

“Ach! du liel#r ShaWRtin, ]\Targenndicamr

Alles ist weg, will, weg!*
THE REAL PRINJFSS

There was once a Prince who wished
to marry a Princess; but then she must

“Yes, indeed!” said the lady.

*“I cannot sell it for lese,” rejoined the
be areal Princess. He travelled all et

over the world in hopes of finding such

alady; but there was always

“He is an impudent fellow!” said the
somelring wrong. Prncesses i found

P ncess a d sh walked on; but
in plenty; but whether they were real alittle way, the

Princesees ftwas Imposeine for nim o beu5| kled 5opret(|y

e

“Ach! du lieber At
Alles ist weg

Atlast he e

X 12 (a) ¥ A7 W, (b) % —7 > FEEHISMER
Fig. 12 Screen view. (a) When the task start and (b) in the

target known condition.

BlaE NS, T/, T ICBVTRY =7y FOED
BEA/ RANTH B 2 LMV HFEL, =7y FMREHMOZMC
BT, M120) I0RTEH12, ¥—7 v FoMELR
FT/NSRIRVEDA 7 T — ) N—DEIZH 5 H LD FIR
END. —HTY =7y FMRAIOFEMTIE, ZOERREE
W, T F ML, EEHE T ) — oS (Hans Christian
Andersen’s Fairy Tales) &\ 7z, ¥ —7"v Mgk, 2
DENGZTHFANRRF2RAY M2 FRTLEOHEN L A
70— Vi s LC 4 fE8E (50, 75, 100, 125¢cm) % HE
L7

3DODA YTy aryFEYRIRT AIERIE, SE
WMTHY YT =Ty AR E ST, 7=y MM/ AR
FFIZOWTEFE—FHENTENICIRR L, ZDERF
SIEBCRRICNT Y A% & o7, BTHEDOY =7y b
BEH/ RAD KB NT, 4EHO 5 — 7 v bl x
4 (A7 a— VI EHN x 2 8 TH0 x 2 %8
) =16 BOFITH T » 7 L RIEFE CEME S 7.
BFEE, I HEERIE - AL E S 2 AR
DA B = VEEEMHZ TWABH, ZBMEICIEIns 2 H
HICHAGDETCRWI LEHURL:. T2, T/N1 2D
EFHEICOWTIE, FEADICH F ) ZEL RIZS B0
&) ARG [20] DFERISHEVY, FRICHBURITE- 2 o
7oo 722l PHMON TR0, EEPICHE )
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20

10 | | OFfick 10 |[oFiek
= @ Virtual Joystick . @ Virtual Joystick
> mShearSheet 2 mShearSheet
£° g
s =
g g
- [

I3 =

£

g ¢ §

= E 9

] [7Z]

e 2 S 2
0 0

50 75 100 125 Known

Target distance (cm) @

Number of clutches

oN b o

18 || DFtick
@Virtual Joystick
16 || mShearSheet
14
12
10
50 75

100 125

@ Target distance (cm)

unknown
Target known condition

13 FEREMER () ¥ —7 v MERE vs. ¥ A7 TR, (b) ¥ —7 > FEEAI/RM vs. & A
7S TR, (c) 7 —7" v MEE vs. BAEREL
Fig. 13 Experimental results. (a) Target distance vs. Task completion time, (b) Target

known vs. Task completion time. (¢) Target distance vs. Number of clutches.

FErRELEZDIEEHITL L) ICHRLE. ETFHED
AATATICI, BMBEBAMECFTICENS T TOME (B
BE) BT, TLANY FOMAEEEL, 3~4 %05
MG DPEBREZR TS H-02H LV D57z,
KHATICBU AHEEEB L, ¥ A 75 TR & R
(5 vy FHREBEPOKRTETEINET ) Thot. BN
T, BEMET 16 MORITE L 72, NASA-TLX O'Z
H#IZ & 2 52 A L, ShearSheet & VI IZBWTIZy A2
DFE T 1412 System Usability Scale (SUS) OB R E FLA
L7z, &ffroi Tk, TR IUET 272004
Yy Ea—%EE L2, EBRREICIE, BMESORED )
AT, WOOKTZ2ETH A AT TIRE L.

5.5 EEER

12 %D INE SRS SN 725 1,152 B ORTH2 S,
Grubbs-Smirnov 7€ THAUE L L THE S 172 8 AT %
B L7z, £72, 2 A7 TR B X OBER OV
IZBWTH, Levene DIEIC L V) S5 BVED MR S L7z
(p>.05) 728, LT DT %D 72,

5.5.1 XX U TR

B 13(a) BL13(b) 12, £y —7 v ML LY —
7y NEEREDO KL B T B 3 0DFHD Y A s T
R OMRE ZNZIURT. 3BERGESIOKE, 1%
773y Tk (F(2,22) = 8208, p < .01, 2 = 0.427)),
& =%y Mg (F(3,33) = 91.432, p < .01, n2 = 0.893)),
& =7y AN (F(1,11) = 21.397, p < .01, 2 = 0.660) 3
NTCOBERICERNREI»FRO SN2, T2, Ty —7 v b
g (F(1,11) = 21.397, p < .01, n2 = 0.660)), FiEE & —
77 MREAN(F(1,11) = 21.397, p < .01, n2 = 0.660)), & —
7o NHiEEE ¥ —7y MR (F(3,33) = 6.938, p < .01,
2 = 0.387)) ORIZZH AR AR S 17z,
FHEO TR FIZ DWW T Bonferroni D& ®E LI 21T - 72 &
Z %, ShearSheet 1& VI IZHREZIZE Y A 7 52 T HEM
THo72 (p<.01) —JiT, ShearSheet & Flick D127
RN o7 (p>.05). MOFEHEIZOWTHEEED
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ZENB T R, ¥—7y MEEEFEL 251200
THEIZY A7 TRE ML (p<.01), =7+
KDL A ZBAOGE IR THEICY A7 58 TR
KEW (p<.01) ZTEDGhoiz.

F72, XA 5 BMERREHRIL T H, ¥ —
7y M RHOY;E 12 ShearSheet D ¥ A 7 58 T eI Flick
WCHARTHBICEL R D2 Dy h o7z (p<.05). F72,
H =2y MEBEAS50em & 75ecm DS, BL Y =7y
FREOBAEIZ, VI MO 2 FEICHRTHEICEWY
A7 THMTHLZ LD o7 (p<.01).

5.5.2 #H{EEE

B 13 (c) 12, &% —7 v MNEBEICHT B 3 DDFEO#H:
el 2R . 3 WRGHUHT OMR, Tk (F(2,22) =
199.890, p < .01, n7 = 0.948) B Ly —7 v Mk
(F(3,33) = 71.669, p < .01, 07 = 0.867) IZEXRIR
b, F—7y MEA/FRA (F(1,11) = 8.208, p > .05,
np = 0.017) CEEHREASN G o7z, FHEES -
7y MEEEOMTEEMEM S o/ (F(6,66) = 79.782,
p < .01, ng = 0.873). FEOLRHFEIZDOT Bonferroni
DL FEEK 4T > 72 & T A, ShearSheet 1& Flick & VJ
D2 FHEIZHARBERB P HEBIID W L2395k o
(p<.01). FFEELY—47y FEEEOSZ AN 2 il
FRIREFANIE A, Flick 135 —7 v MEEEAKE L
% B ZONAH BEICEERE D NS 2 (p<.01) —4T,
ShearSheet & VJ TldWi oy —7 v MEEEOMTH
fEmEc IR s e h o7 (p>.05).

5.5.3 NASA-TLX

ZFHICBIT A NASA-TLX OFH A a7, NEWIE
\Z ShearSheet (23.54), VJ (27.33), Flick (28.19) £ 7%,
FHEMICHEEIA S NG 2o 72 (Friedman x2(2) = 3.50,
p>.05). 6 DOFHEEHE CHMRIEOR, S ARRIZOR, FREH
ElaEE, VESEEREE, %71, ANi) 2o TEERIC TR
DAAT xR LI2L A, VIO 2 FRICHEE
AR E SR A% < (p < .01), ShearSheet (2 HE~HEHE L)
HEENEP -7 (p<.01) ZEDahoi.
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5.5.4 SUS X7

ShearSheet @ SUS ¥ X a3 713 76.0 TH Y, T
A OFHI 2] T [GOOD] 12494 5. —J5T, VI OF
Y2 a 713 72.0 ([ACCEPTABLE] I2MY) THh - 7.
5.5.5 SEANDA L ZE 1—

EEMECRDGE L WFErIALLEIA, 94D
ShearSheet, 50 D 3425 V] %8R L7z, Flick 8N L
72BN I\ o 72, ShearSheet IZFF LT, % < O
EZDS, vy, DHEWE WS R YT 1 TR
BE—FE L THMo7. LR SICELTRHLEAL
L Zh, BHAOBINED, HEOWREDNIES TH 5 1T
=HF7e. BRI, [T20EoB» 3 cERL
FKIeCTEL][AMLVABRLS Y- 2BELCAZO— V%
kD52 ENTE, FFRICHENZ o7z [REMZTT%
CHEHFEEED A 70— D& ELHENRTho7z] Hoa R
YiEvEsNn, —HT, REHEOZA 70— VoRE121E
ST & — R AT LT 2 LB D), 2o Lily
KI5 55 % R 2 728 b iz,

ShearSheet TIEBIWT AT & A SHEHIH & @EO KT >
72k BB O 2 BEOBENHE STV, =
NHEDENGFITIZONTESNEICTZRL. ZOHKR, E
HEED A 70— VOB Z &S INE DS AT &2/ L <
BY, EHEEOZ 70— )VICI1E 4 &AERAS, 54&IE R
Ty T ERMHAL, BYDO3H[ERTICL-oTELEET
HolzbB Al ZOZENE, KFEOBINF T HEHH
EAERIE A ) B SO ME L T2 L0 5.

Flick \2BJ L Cid, HEIB L AZTETH 5050 2 (2Rl
I B % Do 72 E IR BBINE S W2 hs, R Lo
79 ZEEDNHEI o728 W) AT T 4 ThREE HIT S
BMEFITEALETHo72. VIIZOoWTIE, BELRT
SEHHICROFE LVFEE LTEISIME S V725,
W72 7 4 — RN 2D W72 IZ A 7 1 — Lk EE A58
B ED>TLEHE, EEOMMBOML IICERTS
B o7,

6. 1—H% T4 —K/INy 7

ENDOFE (L %5272 3> 2019) 23T, ShearSheet
EHEHLEZFTET )5 —vay (RF2A2 MDD 1R
A2 0=, WD X — 284, FPS 7 — 2 ORBE#E/E)
DA—=HT 14— NNy 7 %87z 2T 50 # L oS
FIZTEEZREBELTOH W, HHIZax Y FLTHb o7

3 ALoBMMEL, ¥ 2% FH7Z1) T ShearSheet O
a3 B L, MER EREZRG TS, £<
OZME, AIEOFHIFEE & Rk, B—FIg s LTk
TA—=FNy 7DOLMBEEHIF T, 72, EEOH
ML EBHEHOILSIZOWTE L OFEMNR I X Y IS
Boh, £ 72— ADOBRLELRER S o7z, —
HTHEMZIA L PELTIE, BFEOYYFA 5T
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T arDI—WERENR Y — Mo TEDHELDbND &
VEBRDV BN o, EBEIZ, BBV RT v T#EOD D
DCTIREZED LAY — MBIV L TV, SIHAI O E
MY %8AET L7 —AREIERBFRICE N, F7-,
TLNY FOMAMEIZOWTHREAET 23X b dH o,
BRLEET T r—a i LTd, BB hAEE
W ERAESN. FICFPS 7 — A ORBEHRIEICE L
TIE, $ERD Y v F AT ORI & DEVERRSRD D B B INE
&, BIWFATIE WV CHEOEEOFT CIIETE 2 5%
BELTWE. 277L, 2o vy 72— A 3mF%2E9
BECHHLZ NG, ENAL T TIIHEMS 225 L % ig
T 5MNED iz, KO X — L 8EIZDOW T,
EHHTHLEDT XY DL LESLRT.

7. him
7.1 ShearSheet D& A%

EERER DS, ShearSheet 12 VI £ U H 5y, Flick & [d]
EOWFMTHEINSY — 7y bR THILNTE, 20
BOIMEREL 3 FREOHR TR OV L o722 L2595 -o
7o, FEEEHEORFE A S, ShearSheet 23T & 1)
DIFFN TV E LWLk, LD >T, 4%
CEBIRTEDAZ O =L F A7 TIE, EWEHS T —HH
VBN TV 2 Flick RWHEI 7 4 — FNw 2 &L b hb
W V] £ 03, ShearSheet D FAMENT/NT + —~< VA
ERTZEDPMERTEZEWR D, T2, ZOMMOND
POTT) = a BN T AL —F T 4 — FNy 7
5, ShearSheet 3% v FA4 %57 v a v eigEdThHA ~
72— AL LTEHHBICFHTE S Z LR S,

7.2 EET—KNyY

VI EERWICEEME I EN T o0, VI L
BeDIEVEIR R % 7D ShearSheet 121, 1 317H 720 ¥
12EELEVWI AVETHR TH 72, ZOHBIE 2
DEZLNL. 121F, VI TIHEEHRME— FA ) B2
L7:0DEML (0.3 M) BEPLETH-722 L, b
9 10Uk, WML T 14— RNy 20 WD I EE DM
DL, ARNCEEEAS 272 TH L. BEE
ENTL L) CBME»S D, VI TIREMARA 70—
DHELzEE L, §—7 v NEfTETELZ D% o7
EDa Xy MHPES L. —J57 T ShearSheet Tld, A7
O—VALEICRUTHEHBEICIEDONE, v ERIS
Molz, O LI, YAV EFERIETSEDL20100H
MW7 4= KN I PFRTHoTZ L EBREL TS, /2
721, NASA-TLX T 5 N7 EEM S EEAT O R T
i3, EESOFRIZEFEMICRERERIRON Lo 7.
ShearSheet TIXBIWT A ST, T 232 KOS TIHFE~HE
WD oTHBY, TOZERTFHRNEARERELL
RS B, Ak, TLANY FOWMEORELFEL <
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AT AL DI, BANMHORBE LSO T — bD
ENEENSSTEHEERF T2 LT, BEd %<
TAHEILEL TWEL W,

7.3 ShearSheet Z FHL\ /= REFIEA 7

Flick 131EMHA 7 0 — V& WA 720, BFED KT v 7k
TEDHRZACEEE L) SEBIEMIE D2 A ons T
HBCTH DY, FEEFERENS, Flick T3 A 7 0 — V3 E ik
27 22 RS R L, Mo 2 FihloED KEL
o TWIZZ Dy holz. ZMENPLDIARX L PTY,
T 7 BRIEDKER LI X B BRI BIET L (G SN
Tz, INHOFERNS, EIFMA 70— b h3384dE 1L 9
5 ARPLTIE, ShearSheet X° VJ D X 9 7 ke 72 39 B il 1)
BUEDERTH LI LD 025, 72, ZMENDA
V% ¥ a2—75, ShearSheet D FHIZ B\ CIEEIHTAT) &
HWED N T v 7FREe RIEHE - FHEMEA 7 0 — VT
BT BEIE D AL L TWiz2s, EBEORITOMTO
RN, ZLAEOBMBEIINGD 2 D% HEICE
MY, TS LAWY ER L, HAVIIFEFICATTS
FETDE L RZT N, D2 s, REBTIEBH
ATIDUERD 5 FEAENEHIRIZHG A, ZNE5DY — 4
VAR Z EEBHTE TV EWVWRAE, — /T, 2hb
D 2 D IRV 72 nWigEs (412 H TR
AF X AJJEE) I CORBUIRSICS B H 5. 2Dk
®, ShearSheet DIRIAVHAETOFIHO /=12, 1 RKICA
s U= VPHD I AT IZBNTELRDLINT =<V A
BEVLETH 5.

7.4 PRAELSHEDEREE

ShearSheet D FEEIZ BT L HIFR - g3z fi & LT, EHE
MARESEL 2L THEZHTHNICSESVWTLE) L
BHIToN5L. EHZEEZM 2 HCIUTEEAFENLS Z
LW, FOMEBTOY v FREPTE RvE W) [
EOHRL. 7o, BHATIREO ¥ — b OB X ITIETFATRRE)
I ThL, ECREEEEbEING. 200, 1
HETOEERIZNFTTIEIZOF X2 EMHEICE SR 52 EIET
Y, FRICATIMEANEER 2 5 kb L, TORET
KEL BB EEZOND, KEBOL ) BRAY— b T4 ¥
DOWE A A TIEZID L) %Y — bOREROFEIT M T
ELMETHo72A, LV RERADEBUKIET 5720
I2IE, MEoEE s>y ) 7 L—Yar$5h, F0308E
a2 APEE T A 2 LA A . RIS, AT E
BATHIETHRRD Y v FAINEEZ RITTHED
HIFoND, 5BEL 6ZICHRR-EENS, 2 —FIIFIW
ADDFEEE L 2 WX ) Iz B TE 5 2 L%
PolzbDD, 72l AN ZIZE A b VL)
T TV —2arTld, ¥— FOFESTEICELE Sh
LU REMAH L. FLRORIBRELT, 77V r—va v

© 2021 Information Processing Society of Japan

7% ShearSheet OF|H % MHE L TW AR WiGE, EEHIED
RICE Yy FRBENIREE Y, ZOT T ) r—3 a3
DFMICHEER & 2T 2 ehbIFoNsb. ThEEH R
DIZ, V= MEFDHICERTE 288, EETOELN
Hefih % —BRA9 I EMTCE B M NV AAL v FEREEST L
ENHDLEEZOLNL, flotgEs s LT, FEREmE
EZTIGA, TNV FED STHAMED D L EHEM T
Hb, TEANZPKRY) LY EOME D MET B LT
H5.

AR L LT, ShearSheet D ¥ — F R T ANV N
EDFEMICTREZMALIET, SLILHBA YT
DarvrEHTELIRMAID L. RIFFETIE, TLNNVF
OMEINE—ED S DR L7225, Z ORI, syir
ATIOFANEER N T 4 —< 2 ANTRWICERE 5.2 L HE
VDD 58T A= ThbH, 5HIE, INOORELER
TN, AN 22— ¥ 7 = — ATHAA DB
DA RTALELTHELIEEZEEZHIELTWL, &
512, HW2 42D T ANy FaeZFRENRL LS T
BT 5Z8T, Ay 7 a AEFEEHRIIRL
TAY— BT 4 — KNy 7 it 5 2 L b ETH
L. FERIS, ¥— bOTIR, (PR, Tl S oI
LS LI EBE AT s arRe, Th
SOBACIC L BT 5 =< Y ANDFEEIIOWT b 457K
FFLTWwWE W,

8. iEiA

KELTIE, BEAFOHERRESY v 72540 VT AT
A4 A2 —4% 4 % 7 = — & ShearSheet # 2% L 72,
FEWRY— &, EEUMEBL TN FEEH LY >
TN EREZLY, WL o 2T A2 LR, B
TA =Ry 7R Eb ) WMATZER L. KM%
Tr1—ADHELT, YOIV F v FBIOPTILVFF
FIZE DDA Y57 a ry FEREEL, 2hb%
w770 r—a vBlagzE Lz, ZofEpIE LT
1RICDOAZ T —)V¥ X712 %5 ShearSheet D87 + —
YA A ER L2 2 A, KAV F T 2= AT VIE
NETHETHL 7Y v 7 A7 00—k a0 & ¢t
¥ =0y PR TE, BERBOBLE TR S B8
Tr =RV ATHDLIEDroTz. 5H%IE, kT 1 —
RNw 7 DHA RTA O E, FMOBEIZESL LD
R A V5 T2 Y a UANOIRICRY MO TFETH 5.

SENH

[1]  Antoine, A., Malacria, S. and Casiez, G.: ForceEdge:
Controlling Autoscroll on Both Desktop and Mobile
Computers Using the Force, Proc. CHI °17, pp.3281—
3292 (2017).

[2]  Brooke, J.: SUS-A quick and dirty usability scale, Us-
ability evaluation in industry, Vol.189, pp.4—7 (1996).

651



RS 2R

3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Vol.62 No.2 641-653 (Feb. 2021)

Casiez, G., Vogel, D., Pan, Q. and Chaillou, C.: Rub-
berEdge: Reducing Clutching by Combining Position
and Rate Control with Elastic Feedback, Proc. UIST
07, pp.129-138 (2007).

Corsten, C., Daehlmann, B., Voelker, S. and Borchers,
J.: BackXPress: Using Back-of-Device Finger Pressure
to Augment Touchscreen Input on Smartphones, Proc.
CHI 17, pp.4654-4666 (2017).

Corsten, C., Voelker, S., Link, A. and Borchers, J.: Use
the Force Picker, Luke: Space-Efficient Value Input on
Force-Sensitive Mobile Touchscreens, Proc. CHI 18, Pa-
per No.661 (2018).

Hakoda, H., Fukatsu, Y., Shizuki, B. and Tanaka, J.:
Back-of-Device Interaction based on the Range of Mo-
tion of the Index Finger, Proc. OzCHI ’15, pp.202-206
(2015).

Han, J., Ahn, S., Park, K. and Lee, G.: Designing
Touch Gestures Using the Space around the Smartwatch
as Continuous Input Space, Proc. ISS 17, pp.210-219
(2017).

Harrison, C. and Hudson, S.: Using Shear as a Supple-
mental Two-Dimensional Input Channel for Rich Touch-
screen Interaction, Proc. CHI 12, pp.3149-3152 (2012).
Harrison, C. and Hudson, S.E.: Minput: Enabling In-
teraction on Small Mobile Devices with High-Precision,
Low-Cost, Multipoint Optical Tracking, Proc. CHI ’10),
pp.1661-1664 (2010).

Hasan, K., Ahlstrom, D., Kim, J. and Irani, P.: Air-
Panes: Two-Handed Around-Device Interaction for Pane
Switching on Smartphones, Proc. CHI ’17, pp.679-691
(2017).

Heo, S. and Lee, G.: Force Gestures: Augmented Touch
Screen Gestures Using Normal and Tangential Force,
Proc. UIST ’11, pp.621-626 (2011).

Heo, S. and Lee, G.: Indirect Shear Force Estimation
for Multi-Point Shear Force Operations, Proc. CHI 13,
pp.281-284 (2013).

Herot, C.F. and Weinzapfel, G.: One-Point Touch In-
put of Vector Information for Computer Displays, Proc.
SIGGRAPH 78, pp.210-216 (1978).

Huang, M., Fujita, K., Takashima, K., Tsuchida, T.,
Manabe, H. and Kitamura, Y.: ShearSheet: Low-Cost
Shear Force Input with Elastic Feedback for Augment-
ing Touch Interaction, Proc. ISS ’19, pp.77-87 (2019).
Tkematsu, K. and Siio, I.: Ohmic-Touch: Extending
Touch Interaction by Indirect Touch through Resistive
Objects, Proc. CHI ’18, Paper No.521 (2018).
Ikematsu, K. and Siio, I.: Carbon copy metaphor: com-
bining absolute and relative coordinates inputs for track-
pad, Proc. OZCHI ’17, pp.492-496 (2017).

Kato, K. and Miyashita, H.: Extension Sticker: A
Method for Transferring External Touch Input Using a
Striped Pattern Sticker, Proc. CHI ’15, pp.1851-1854
(2015).

Le, H.V., Bader, P., Kosch, T. and Henze, N.: Investigat-
ing Screen Shifting Techniques to Improve One-Handed
Smartphone Usage, Proc. NordiCHI ’16, Article No.27
(2016).

Le, H.V., Mayer, S., Bader, P. and Henze, N.: A
smartphone prototype for touch interaction on the whole
device surface, Proc. MobileHCI ’17, Article No.100
(2017).

Le, H.V., Mayer, S. and Henze, N.: InfiniTouch: Finger-
Aware Interaction on Fully Touch Sensitive Smart-
phones, Proc. UIST ’18, pp.779-792 (2018).

© 2021 Information Processing Society of Japan

[24]

[25]

[31]

32]

[33]

Lee, B., Lee, H., Lim, S.-C., Lee, H., Han, S. and Park,
J.: Evaluation of human tangential force input perfor-
mance, Proc. CHI ’12, pp.3121-3130 (2012).

Minsky, M.R.: Manipulating Simulated Objects with
Real-world Gestures using a Force and Position Sensi-
tive Screen, Proc. SIGGRAPH ’84, pp.195-203 (1984).
Nakai, Y., Kudo, S., Okazaki, R. and Kajimoto, H.: Tan-
gential Force Input for Touch Panels Using Bezel-Aligned
Elastic Pillars and a Transparent Sheet, Proc. UIST’1}
Adjunct, pp.111-112 (2014).

Nakai, Y., Kudo, S., Okazaki, R., Kajimoto, H. and
Kuribayashi, H.: Detection of Tangential Force for a
Touch Panel Using Shear Deformation of the Gel, Proc.
CHI EA 1/, pp.2353-2358 (2014).

Rendl, C., Kim, D., Parzer, P., Fanello, S., Zirkl, M.,
Scheipl, G., Haller, M. and Izadi, S.: FlexCase: En-
hancing Mobile Interaction with a Flexible Sensing and
Display Cover, Proc. CHI ’16, pp.5138-5150 (2016).
Rutledge, J.D. and Selker, T.: Force-to-motion Func-
tions for Pointing, Proc. INTERACT ’90, pp.701-706
(1990).

Spelmezan, D., Appert, C., Chapuis, O. and Pietriga,
E.: Side Pressure for Bidirectional Navigation on Small
Devices, Proc. MobileHCI ’13, pp.11-20 (2013).
Sridhar, S., Markussen, A., Oulasvirta, A., Theobalt, C.
and Boring, S.: WatchSense: On- and Above-Skin Input
Sensing through a Wearable Depth Sensor, Proc. CHI
’17, pp-3891-3902 (2017).

Takashima, K., Shinshi, N. and Kitamura, Y.: Explor-
ing Boundless Scroll by Extending Motor Space, Proc.
MobileHCI ’15, pp.557-566 (2015).

Voelker, S., Nakajima, K., Thoresen, C., Itoh, Y.,
Overgard, K.I. and Borchers, J.: PUCs: Detecting
Transparent, Passive Untouched Capacitive Widgets
on Unmodified Multi-touch Displays, Proc. ITS ’13,
pp.101-104 (2013).

Wang, X., Ishikawa, M., Takashima, K., Adachi, T.,
Sharlin, E., Finn, P., and Kitamura, Y.: Designing
Action-Characterizing Toy Blocks for Behavior Assess-
ments, Proc. CHI EA ’18, Paper No.LBW513 (2018).
Wigdor, D., Forlines, C., Baudisch, P., Barnwell, J. and
Shen, C.: LucidTouch: A See-Through Mobile Device,
Proc. UIST 07, pp.269-278 (2007).

Xiao, R., Laput, G. and Harrison, C.: Expanding the In-
put Expressivity of Smartwatches with Mechanical Pan,
Twist, Tilt and Click, Proc. CHI 14, pp.193-196 (2014).
Yamada, W., Manabe, H. and Ikeda, D.: CamTrack-
Point: Camera-Based Pointing Stick Using Transmit-
ted Light through Finger, Proc. UIST ’18, pp.313-320
(2018).

Zhai, S. and Smith, B.A.: Multistream input: An exper-
imental study of document scrolling methods, IBM Syst.
J., Vol.38, No.4, pp.642-651 (1999).

Zhai, S. and Shumin: User performance in relation to
3D input device design, ACM SIGGRAPH Comput.
Graph., Vol.32, No.4, pp.50-54 (1998).

PUBG MOBILE 7 & CH#EMER L, 1314 294 XD A
~FHAYa A ATy 7 2L TAIZ, AT (https://
www.watch.impress.co.jp/donya/DN-915908.html) (£
2020-07-10).

652



BHAIEF =R EE Vol.62 No.2 641-653 (Feb. 2021)

BEE iz

2010 KK F R F B HmEH 70 58
B~V F x5 1 7 LB g R
MFEIE T, 2013 AR FERHEH S A
7 L TFE ISR T, A
(Bk) A b—F Atk 2018 4 & v 3k
KFBLMEIRBIZ. L (IHHk

" B

2016 FRFERFE A IE I LFEBAE.
2017 AL KPR A BB RE 78
By AT LIEMBF RS, 2019
AR L RTERAE T, 22—
42872 —AET HWFEICHER.

il

SiE Mg (ExH)

2006 4F KPR KK BEAE IR B8
B~ F X 74 7 T E R
BT, 2008 4F [F) 5 it A TR AR
7. [FSER Kb EPS A L ECRIF L
EHBh%L. 2011 4 X V) AL KRS E
EBWFZemBh#. 2018 4F X v [[WF5E T
ez, Wt (EEe).

\

TH X—

2015 FEHIL RF LF R A I E 1
FEREAF, 2020 SEFFRIAEZE, 12—
AU F T 2= AT AWFEICAEE.

Bl B=E  (ExH)

1999 FH T T RKFE T EMAEE.
2001 4[| KE RS PEls LR 7.
[4E (Bk) NTT FaEAf. 2019 4
IDVEHTERSE Y2777/
VX ¥ 230 ¥a—F4 7DD
AT TNA R, BARMEGTE VA
NA Y F 72— ADIFRICHER. il (T5).

© 2021 Information Processing Society of Japan

I EX (ExH)

1987 MR FK K b At T 5%
FHELRIIRRAE T, FEFY 2 Uik
AAH, 1992 4 ATR #15 ¥ A 7 L 6fF
ZERT, 1997 4E KBRS RS b Ll
FERt /TG F I R B % S e HEE
2010 4F & b AL K55 508 {E B sepT

Bz, 2018 F L Y EIpTER. WA (T4,

653



